Abstract: This study deals with the species distribution and structure of mite communities living in the fur of small mammals. Mesostigmatic mites (Acarina: Mesostigmata) of several small mammal species were studied at several sites of Slovakia situated in the Podunajská nížina lowland. The aims deal with ecological evaluation of mesostigmatic mites and their small mammal hosts. The research was done from 2005 to 2007. Several small mammal species were caught at 16 sites in the research area. These represent 13 types of biotopes. On the captured small mammals we recorded 3,141 individuals of mesostigmatic mites (7 families and 22 species). The dominance and the diversity of the recorded mites were analysed. Mites being interpreted as the variable one were evaluated by cluster analysis and multifactor analysis (detrended correspondence analysis, principal components analysis, redundancy analysis). Small terrestrial mammals as hosts of mites represent "holders" of environmental factors, in the analysis they are being evaluated as explanatory variable mainly. They transform direct impact of the environment and for that reason the ecological evaluation of mites is specific comparing to other taxonomical and ecological groups of animals.
Introduction
Small mammals are one of the most successful and diverse groups of mammals, and they are found in a wide variety of habitats (Fleming 1975) . Ectoparasitic mites (Acari: Mesostigmata) on the body surface of small mammals (especially rodents and insectivores) are generally regarded as a medically important group of arthropods because some of them are suspected as potential vectors of zoonoses (Chen & Xu 1995; Huang et al. 2010) . The species of ectoparasites may be related to the habitat selection by the host, and as a result, when the habitats are disturbed and the composition of the small mammal community changes, ectoparasites may encounter different hosts near their nest microhabitat, and transfer may occur (Gettinger & Ernest 1995) .
Small terrestrial mammals represent a small group of host animals of mites, only, however, they still remain significant in sustaining the high population rate of mites. Ambros (1984, 1990, 1991, 1993) , Dudich et al. (1994) and Ambros et al. (1994) studied the mite fauna of small terrestrial mammals at the Land Protected Area (LPA) Ponitrie. The first recorded data about the mites from Tríbeč and Vtáčnik (both mountain ranges, the part of LPA Ponitrie) are related to the parasitical groups mainly. Ambros & Dudich(1996) and Bridišová (2005) researched the area around Nitra, Ambros et al. (2006) studied small terrestrial mammals in south Slovakia.
The aim of this study was to investigate the spatial distribution and the species variety of mites and structure of mites synusia in the fur of small terrestrial mammals (Eulipotyphla: Rodentia) at biotopes of intensively utilised agricultural land (Podunajská nížina lowland).
Material and methods
In the research of ectoparasites of small terrestrial mammals theriological (Pucek & Olszewski 1971; Morris 1968) and parasitological (Mrciak & Rosický 1959 ) methods were used. Hosts of mites were collected in collapsible traps of small type that were set by the line method (50 traps in one line) and exposed for 1-3 nights. The host species identification was carried out according to Gaisler et al. (1962) . The study material for our research represents 1,642 individuals of collected small terrestrial mammals (leg. et det. M. Ambros, I. Baláž, A. Jančová, A. Dudich, A. Stollmann, Z. Poláčiková). Trapping of small mammals has been done seasonally.
The ectoparasites have been taken off the host's fur by a very common manual method using a brush and soft entomological forceps. Mites were fixed in 50% alcohol. The ectoparasitic groups (ticks, mites, fleas) were separately placed in test tubes (Rosický 1957) . The mites were subsequently processed in permanent microscopic preparations by using the chloral-hydrate medium Liquido de Swan and identified according to Bregetova (1956) , Bregetova & Koloreva (1960) , Gilarov & Bregetova (1977) , Mašán & Fenďa (2010) .
The The information reduction has been obtained by the rotation of common factors grid system. We have used the most common rotation method -Varimax, minimising the number of variables highly correlated with individual factors (Rimarčík 2007; Cigáňová 2006; Harman 1974; Überla 1975; Jackson 1991) . We used the Factor Analysis (FA) as the first step with the aim to find out the strength of species data correlation. This was followed by Ordination and Cluster Analysis. Multidimensional Ordination Analysis (OA) was realised by CANOCO and CanoDraw (Ter Brak & Šmi-lauer 2002) from species matrix of hosts and mites. As an environmental factor the type of biotopes was used. The results of OA were visualised in ordination graphs (biplot) in CanoDraw. The relevance of the Principal Component Analysis (PCA) being used has been evaluated according to cumulative percentage variance of species data. The aim of the direct linear Redundancy Analysis (RDA) was to find out the correlation among the hosts and their habitats (environmental variables). The structure of data was analysed according to Ward's cluster procedure (Johnson & Wichan 2001; Ward 1963) . To calculate the distance between the objects, the Euclid's distance has been used. The results have been visualised in the form of dendrograms in STATISTIKA StatSoft, Inc. (2004) .
Study sites
Collection of the small mammals was carried out on 16 sites in Podunajská nížina lowland, 10 of them are located in Podunajská pahorkatina hilly country and 6 in Podunajská rovina plain. The research sites are: DVL Dvorčiansky les (forest), (cadastral area Dolné Krškany I., biotopes: 2111200 Ulmenion-Querceto-Fraxinetum, UlmetoFraxinetum, 2112200 Carici robori-Carpinenion betuli); KRS Krvavé Šenky (cadastral area Zbehy, biotopes: 2114400 Quercetum petraeae-cerris, 2112200 Carici robori-Carpinenion betuli); KLR Kolíňany, fishpond (cadastral area Kolíňany, biotopes: 8B10000 Phragmition, 2111100 Salicion albae); KLS Kolíňany, orchard (cadastral area Kolíňany, biotope: A120000 Fruit groves and vineyards, on this site the research of predatory mites of the Phytoseiidae family ran simultaneously (Praslička et al. 2009 (Praslička et al. , 2012 ; STI Štitáre (cadastral area Dolné Štitáre, biotope: 2112000 Carici pilosae-Carpinenion betuli); ZIV Žirany, heathland (cadastral area Žirany, biotope: 4030 Genistion); BVN Búč, water reservoir (cadastral area Vojnice, biotope: 8B10000 Phragmition); BLU Búčske lúky (meadows), (cadastral area Búč, biotope: 8B21000 Magnocaricion elatae); BYS Bystrička (cadastral area Radvaň nad Dunajom, biotope: 8B10000 Phragmition); CHFP Chotín, Fialkový potok (stream), (cadastral area Chotín, biotope: 8B10000 Phragmition); MVA Malý Vék, residual deposit of the Žitava River (cadastral area Hurbanovo, biotope: 8B10000 Phragmition); VVA Veľký Vék, residual deposit of the Žitava River (cadastral area Martovce, biotope: 8B10000 Phragmition); MOM Močianský Majer (grange), (cadastral area Radvaň nad Dunajom, biotope: 8B21000 Magnocaricion elatae); VMD Veľký Meder (cadastral area Veľký Meder, biotope: 8B21000 Magnocaricion elatae); HNP Hanské pastviny (pastures), (cadastral area Orechová Potôň, biotope: A112000 Stellarietea mediae); KKC Kolárovský kanál channel, (pumping device), (cadastral area Šaľa, biotope: 8B30000 Oenanthion, wetland vegetation and slow moving water vegetation with changeable water level).
Results
We collected 1,642 individuals of small terrestrial mammals, rodents (subfamilies Murinae, Arvicolinae) and insectivores (subfamilies Soricinae, Crocidurinae) of which we have identified 15 species on 16 research sites inclusively (Table 1) . We have gathered and identified 3,141 specimens of mesostigmatic mites out of these small terrestrial mammals. We have recognised 22 species of mites belonging to seven families: Haemogamasidae, Hirstionyssidae, Laelapidae, Macrochelidae, Myonyssidae, Parasitidae and Rhodacaridae (Table 2) . We used nomenclature according to Karg (1993) and Bregetova (1956) .
The mites we have recognised in Podunajská nížina lowland on small mammals (hosts) belong to four basic ecological groups:
Soil free-living predatory species: we have recorded 9 taxa (40. G. et R. Canestrini, 1881) . Quantitatively though, the soil free-living predatory species of mites represented only 2.7% of all species. The most commonly occurring mites were P. necrophori and M. montanus. These mites most probably take advantage of small mammals and of certain groups of insects for the purpose of "phoresy" (transport).
The occurrence of the following three ecological groups is mostly dependent on the presence of their hosts. They are adapted to ectoparasitic living strategy and their life cycle stages can be found in small mammals fur or nests.
Facultative nest parasites: Five species (22.7%) have been recorded -Androlaelaps fahrenholzi (Berlese, 1911) , Eulaelaps stabularis (C.L. Koch, 1836), Hae- As it was mentioned above, we have recorded 9 mite species trophically independent of insectivores and rodents and 13 mite species using parasitical or semiparasitical strategy.
The diversity value for the 22 mite species proven by our research (N = 3141 specimens) was equal to H = 2.22 in the research area, where the maximum diversity was H max = 3.09. The highest diversity value H = 1.86 with H max = 2.08 and occurrence of 8 mite species was recorded at HNP (Hanské pastviny pastures). The lowest diversity was at the KLR site (Kolíňany, fishpond): H = 0.77, H max = 2.39. Equitability (distribution) allows us to evaluate the equity rate of species multiplicity, i.e., the distribution of all individuals to all described species of particular community. The value for the particular area is e = 0.72. Out of all research sites, the site VMD (Veľký Meder) showed the highest equitability e = 0.98. We have analysed the mites data structure according to the PCA ordination method, being used on the basis of standard deviation (SD = 3.22 < 4), and calculated by detrended correspondence analysis DCA. The first ordination axis of the main components analysis being used, can clarify 29.1% variability of mite data (the fourth ordination axis clarifies 46.2% of cumulative variability of species data). We have determined four groups of mites (Fig. 1) by PCA. The first ordination group consists of the species Geholaspis longispinosus and Laelaps algericus, which were collected in Apodemus sylvaticus fur. The second group consists mainly of hematophagous species Myonyssus rossicus, Laelaps agilis, Hirstionyssus latiscutatus, Eulaelaps sta- bularis and Hirstionyssus apodemi, except for Pergamasus crassipes and Cyrtolaelaps mucronatus. These species prefer Apodemus flavicollis as their host. Poecilochirus necrophori, Haemogamasus nidi, Macrocheles montanus and Holoparasitus excipuliger belong to the third ordination cluster and the last cluster is represented by hematophagous species such as Laelaps hilaris, Hyperlaelaps microti, Androlaelaps fahrenholzi, whose main host is Microtus arvalis. Pergamasus brevicornis also belongs to this cluster.
The dendrogram (Fig. 2) shows the relationship between the groups of mesostigmatic mites based on their host preferences. The dendrogram from the standardised data matrix has been created by the cluster analysis being used. The mite species are not properly differentiated in the dendrogram of the cluster analysis. Three clusters were created on the 40% of dissimilarity level. These are the creating subgroups of species on the level of 20% dissimilarity. Different but slightly differentiated groups are created by Geholaspis longispinosus, Macrocheles montanus or Eulaelaps stabularis.
Host parasitation
Out of the examined 16 host species parasitical mesostigmatic mites were found in the fur of eleven species of small mammals belonging to four higher taxonomic groups: Soricinae, Crocidurinae, Murinae, Arvicolinae.
Mites on insectivores
There were 204 insectivore individuals collected out of the whole material of captured small mammals and 90 mesostigmatic mites belonging to 15 different species were identified. By the quantitative representation of the mites collected on insectivores, the highest percentage comprised permanent fur parasites. Based on qualitative representation (species diversity), the highest percentage was represented by predatory mite species.
As potential vectors of zoonotic diseases with natural foci, obligatory and facultative hematophagous species play a significant role.
Subfamily Soricinae. Out of the total number of hosts, only 11.44% belonged to Soricinae insectivores. Similarly, a low rate of captured Soricinae among the other small mammals is reported by Baláž & Ambros (2005 , 2006 , 2007 and Baláž & Jančová (2005) . Sorex araneus was the most commonly present species in the whole collection. Insectivores harboured only small amounts of ectoparasites, qualitatively and quantitatively as well. We recorded only 11 mite species on S. araneus, with Laelaps agilis (32.5%) being the dominant species. The other two species of this subfamily, Sorex minutus and Neomys anomalus, showed very low values of parasitisation by mites.
Subfamily Crocinurinae. Two species were trapped from the subfamily of Crocinurinae: Crocidura leucodon and C. suaveolens. On C. leucodon four mite species were found: Androlaelaps fahrenholzi, Cyrtolaelaps minor, C. mucronatus and Laelaps agilis. No mites were found on C. suaveolens and also no obligatory nest parasites were found on Soricinae and Crocinurinae subfamilies.
Mites on rodents
Out of the total number of trapped small terrestrial mammals, 1,438 individuals were rodents and 3,051 individuals of mesostigmatic mites belonging to 21 dif-ferent species have been identified on them. Based on quantitative representation of mites on rodents, permanent fur parasites comprised the highest percentage, based on qualitative representation (species diversity), the highest percentage were predatory mite species.
Subfamily Murinae. Murinae represented 45.12% of the material with absolute dominance of the Apodemus genus. The yellow-necked mouse A. flavicollis was the species hosting the majority of ectoparasites. In their fur 17 species (77.27%) of mites were recognised with Laelaps agilis (79.47%) dominating with the highest number of 1,034 specimens, and Haemogamasus nidi (7.60%). The highest number of mites was found on the yellow-necked mouse. On the wood mouse A. sylvaticus, 16 species (72.72%) of mites were found with dominance of L. agilis (75.51%), and H. nidi (9.09%). The third species of the Apodemus genus was A. microps with L. agilis (78.78%) as a dominant mite species, and H. nidi (16.66%). On the basis of these results we can state that the same mite species were dominant on all three Apodemus species and our research proved that L. agilis is a specific mite occurring on A. flavicollis.
Subfamily Arvicolinae. Bank vole Myodes glareolus dominated within the Arvicolinae rodents (42.38%). In its fur 17 mite species were found (77.27%). Among the mites found on this vole L. agilis (53.33%) and H. nidi (27.01%) were present in the highest numbers. On the common vole Microtus arvalis and the root vole M. oeconomus, Laelaps hilaris and Hyperlaelaps microti dominated. These mite species were represented on the common vole by L. hilaris (52.31%) and H. microti (16.34%), and on the root vole by L. hilaris (51.70%) and H. microti (43.41%). From the European water vole Arvicola terrestris and the European pine vole Microtus subterraneus no mites were obtained.
Discussion
In our research at Podunajská nížina lowland the occurrence of 22 mite species belonging to four ecological groups of which 9 taxa belonged to off host living predatory species (40.9%), 5 species to facultative nest species (22.7%), 3 species to obligatory nest parasites (13.7%), and 5 species to permanent fur parasites (22.7%), have been recorded. The eudominant species were Laelaps agilis, L. hilaris and Haemogamasus nidi. Dudich et al. (1985) stated that the fauna of hematophagous ectoparasites of insectivores and rodents at Podunajská nížina lowland and Hronská pahorkatina wold is very rich. They found 38 mite species. In total, 45 mite species are known from Podunajská nížina lowland (Ambros & Dudich 1996) .
We have recorded 21 mite species at Podunajská pahorkatina wold and 15 mite species at Podunajská rovina plain. At both land areas 14 common species occurred and almost all of them were hematophagous. The differences being found are recorded for the following species: Cyrtolaelaps minor, Geholaspis longispinosus, Haemogamasus hirsutosimilis, Hirstionyssus latiscutatus, Macrocheles carinatus, Myonyssus rossicus, Pergamasus crassipes (occur only in wold) and Laelaps algericus (occurs only in lowland). We assume that the absence of some mite species records at Podunajská rovina plain could be caused by one-off trapping at this particular area. At the Nitrianska and Ži-tavská pahorkatina wolds we have realised repetitive trapping of small mammals and have proven the occurrence of these mite species. For instance Ambros (1988) did not find any significant differences between the mite fauna of small mammals from Podunajská rovina plain and Podunajská pahorkatina wold. The majority of recorded mite species were similar for both areas of the Podunajská nížina lowland. The only differences appeared in the so called trapping species from Parasitidae, Macrochelidae and Pachylaelapidae families.
Fifteen mite species were recorded at Štitáre site. This site lies on the boundary of Nitrianska pahorkatina wold and the Tribeč Mts. The recorded mite species represent nearly half of all known species ever recorded in the Tribeč Mts (Ambros 1990). Hirstionyssus latiscutatus was found in the fur of A. flavicollis in this site only. Hirstionyssus latiscutatus belongs to obligatory nest parasites and its common occurrence is evidenced from fur of synanthropic rodents.
We found Geholaspis longispinosus, the most common soil mite in Europe at Dvorčiansky les woodland site only in the fur of A. sylvaticus. Ambros (1984, 1991) mentioned tis species in LPA Ponitrie, in the Tribeč Mts where it was recorded in the fur of M. glareolus and in the Vtáčnik Mts in the fur of A. flavicollis.
The first ordination axis of PCA analysis clarified 29.1% of cumulative data variability of mites (the fourth ordination axis clarified 46.2%). We outlined four groups of the mite data matrix. Hematophagous mite species show high relationship to the host species. Within the group II, hematophagous species can be found mainly and they prefer A. flavicollis as their host. Ordination cluster III consists of two non-parasitic species, M. montanus and P. necrophori, without connection to the host. In our material they were present in the fur of A. flavicollis and M. glareolus. The last cluster IV is represented by the hematophagous species L. hilaris, H. microti, A. fahrenholzi. Their main host is M. arvalis, Pergamasus brevicornis is also connected to this group. The highest number of mites can be found on hosts, with the eudominant position: A. flavicollis, M. glareolus, M. arvalis and A. sylvaticus. Two hematophagous species appear in the distant position: Haemogamasus hirsutus, and H. hirsutosimilis. The mite Macrocheles carinatus, using a wide spectrum of hosts for transport, is in very particular position.
PCA ordination as well as cluster analysis refer to closer relationship between Myonyssus rossicus and Laelaps agilis preferring A. flavicollis and Hyperlaelaps microti and Laelaps hilaris preferring Microtus arvalis as their main host. By cluster analysis, three clusters on 40% level of dissimilarities were created. These create subgroups of species with 20% dissimilarities. The differences of the created clusters of mites against PCA are the results of the host preferences.
Each type of biotope is occupied by small mammals, being characterised by the particular biotope. The mite fauna distribution is also reflected by small mammal occurrence at a particular biotope. Many hosts occupying certain biotopes can signalise the qualitative as well as quantitative distribution of hematophagous mites (Mrciak 1977) . Different environmental factors (e.g., temperature) depending on their hosts are significant for mites. This is the reason why the ordination of localities differs on the basis of mites and on the basis of hosts.
It is interesting that we found only one specimen of the hematophagous mite Laelaps algericus in the fur of A. sylvaticus trapped at Kolárovský kanál channel, while Mrciak & Rosický(1959) stated that L. algericus together with Hirstionyssus musculi are the main parasites of Mus musculus. Stanko et al. (2004) and Mašán & Stanko (2005) also recorded the presence of L. algericus in nests and of Mus spicilegus. Ambros & Dudich (1996) obtained this particular mite species (4 specimens) from M. musculus. Few specimens of L. algericus collected from A. sylvaticus, M. musculus and Cricetulus migratorius are reported from Turkey (Garrett & Allred 1971; Ç icek et al. 2008) . The finding of L. algericus on A. sylvaticus is probably the very first record from the research area in Slovakia.
Indicative sensibility and possibility of the utilisation of small mammals for habitat condition indication have been confirmed. The reaction of hosts on the habitat condition change are sensitive and due to these changes they may appear on new sites. These changes can cause transfer of mites to new sites and consequently establish new potential ways of disease spread.
